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Description

TECHNICAL FIELD

[0001] Thepresentapplication relates tomachine tools
and, more particularly, grinding machines.

BACKGROUND

[0002] Grinding machines can be used to machine or
grind elongated workpieces. The elongated workpiece
can be held at a head and a tail and rotated so that one or
more grinding wheels contact an outer surface of the
workpiece and shape that surface by removing material.
Elongated workpieces may be crankshafts that are used
in internal combustion engines (ICEs) or pumps. The
journal surfaces and crankpin surfaces of a crankshaft
are carefully ground so that the surfaces have very pre-
cise sizes and shapes. A grinding machine can locate a
surface of an elongated workpiece by physically contact-
ing the surfacewith a dedicated probe and, when contact
ismade, themachine can determinewhere the surface is
located. A grindingmachine according to the preamble of
claims 1 and 10 is disclosed byWO0198847. However, it
is possible to increase the precision with which the sur-
face is located and/or measured.

SUMMARY

[0003] In one implementation, a grinding machine in-
cluding one or more grinding wheels has a workpiece
holder that releasably holds a crankshaft and is config-
ured to rotate the crankshaft about a longitudinal axis; a
spindle assembly, that is moveable in at least two direc-
tions, including a spindle shaft and a grinding wheel
attached to the spindle shaft; and an acoustic emission
sensor coupled to the grinding machine, such that the
grinding machine is configured to monitor an output
signal from the acoustic emission sensor, move the
grinding wheel into contact with the crankshaft at a first
angular position, detect contact between the grinding
wheel and the crankshaft based on the output signal,
determine a position of the grinding wheel based on the
detected contact between the grinding wheel and the
crankshaft, move the grinding wheel away from the
crankshaft, rotate the crankshaft a defined angular
amount, move the grinding wheel into contact with the
crankshaft at a second angular position, determine a
position of the grinding wheel based on the detected
contact between the grinding wheel and the crankshaft,
and determine a position of a crankshaft surface.
[0004] In another implementation, a method of deter-
mining a grinding wheel position and a position of a
crankshaft surface of a crankshaft includes determining
an angular position of a crankshaft held by a workpiece
holder; moving a grinding wheel coupled with a spindle
shaft toward the crankshaft;monitoringanacoustic emis-
sion sensor as the grinding wheel moves toward the

crankshaft before grinding begins; detecting when the
grinding wheel contacts the crankshaft based on output
from the acoustic emission sensor; moving the grinding
wheel away from the crankshaft; rotating theworkpiece a
defined angular amount to a second angular position;
moving the grinding wheel toward the crankshaft at the
second angular position; monitoring the acoustic emis-
sion sensor as the grinding wheel moves toward the
crankshaft at the second angular position before grinding
begins; detecting when the grinding wheel contacts the
crankshaft at the second angular position based on out-
put from the acoustic emission sensor; determining a
position of the grinding wheel, determining a position
of the crankshaft surface based on the preceding steps.
[0005] In another implementation, a grinding machine
includes one or more grinding wheels and a workpiece
holder that releasably holds a crankshaft and is config-
ured to rotate the crankshaft about a longitudinal axis; a
spindle assembly, that is moveable in at least two direc-
tions, including a spindle shaft and a grinding wheel
attached to the spindle shaft; and a microprocessor
configured to measure electrical power consumed by a
spindle motor, wherein the grinding machine moves the
grinding wheel into contact with the crankshaft at a first
angular position, detects contact between the grinding
wheel and the crankshaft based on a change in the
electrical power consumed by the spindle motor, deter-
mines a position of the grinding wheel based on the
detected contact between the grinding wheel and the
crankshaft, moves the grinding wheel away from the
crankshaft, rotates the crankshaft a defined angular
amount, moves the grinding wheel into contact with the
crankshaft at a second angular position, determines a
position of the grinding wheel based on the detected
contact between the grinding wheel and the crankshaft,
and determines a position of a crankshaft surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

Figure 1 is a perspective view depicting an imple-
mentation of a grinding machine having an acoustic
emission sensor;
Figure 2 is a perspective view depicting a portion of
an implementation of a grinding machine having an
acoustic emission sensor;
Figure 3 is a perspective view depicting an imple-
mentation of a grinding machine having an acoustic
emission sensor;
Figure 4 is another perspective view depicting a
portion of an implementation of a grinding machine
having an acoustic emission sensor;
Figure 5 is a cross-sectional view depicting a portion
of an implementation of a grinding machine having
an acoustic emission sensor; and
Figure 6 is a flow chart depicting an implementation
of a method of determining a grinding wheel position
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and a crankshaft surface position.

DETAILED DESCRIPTION

[0007] A grinding machine uses acoustic detection to
determine the location of a workpiece relative to a grind-
ing wheel. In particular, an orbital grinding machine can
include an acoustic emission sensor that acoustically
detects when a grinding wheel is moved into contact with
a workpiece surface, such as a crankpin or a journal
bearing of a crankshaft before grinding begins. Dimen-
sional tolerances of the workpiece surface can be re-
duced by acoustically detecting the location of the crank-
pin and/or journal bearing surfaces in the plane of opera-
tion, either alone or in combination with a physical probe.
Before grinding begins, a grinding wheel can be moved
into close proximity to the surface of the workpiece the
grinding wheel will cut. The workpiece surface could be
journal bearing surfaces or crankpins of a crankshaft. An
acoustic emission sensor, such as a microphone, can be
included with the grinding wheel, possibly at the wheel
center or on a spindle assembly carrying the grinding
wheel, and the grinding wheel can be moved toward the
workpieceuntil the grindingwheel contacts the surfaceof
the workpiece. The grinding machine can determine the
position of the grinding wheel surface in space with
tremendous precision. The acoustic emission sensor
can detect the precise position of the spindle shaft carry-
ing the grinding wheel when the grinding wheel contacts
the surface of the workpiece by detecting the sound
produced when contact occurs. A computer processor
can monitor the point where the grinding wheel contacts
the surface of the workpiece.
[0008] In contrast, past grinding machines solely used
a physical probe attached to the end of a carriage to
locate the crankpins or journal bearings of a crankshaft in
space.While the probes are highly accurate, a number of
variables involved with grinding workpieces can intro-
duce additional error into the probe measurement. For
example, larger crankshafts (i.e., >1.5 meters) may tend
to sag in the middle and also flex while machining or the
grinding wheel can wear thereby reducing the distance
between thewheel rotationaxis about the spindle and the
crankpins or journal bearing introducing error. Also, ther-
mal variations can cause dimensional changes in the
machine affecting overall accuracy of the probing pro-
cess.
[0009] Presently, workpieces cut by grinding ma-
chines-such as crankshafts-can be hardened using
one of a variety of different hardening techniques that
leave a calculated thickness of hardening material. For
example, crankshafts can be exposed to ammonia in a
furnace that heats the crankshafts to nitride the surface.
Currently, a crankshaft can receive ~ 0.1 mm of hard-
ening material so that the errors in grinding will not un-
intentionally grind through the hardening material. But
creating such a thickness of hardened material involves
treating the crankshafts for a defined amount of time;

thickness of hardening material on a crankshaft is posi-
tively correlated to time. It would be helpful to reduce the
thickness of hardening material needed on the crank-
shaft thereby decreasing the amount of time spent apply-
ing hardening material. Determining the location of a
journal bearing and/or a crankpin using anacoustic emis-
sion sensor before grinding can permit a reduced thick-
ness of hardening material on the crankshaft. For exam-
ple, it is possible to apply as little as 0.03mm thick hard-
ening material when using the acoustic emission sensor
to detect journal bearing and/or crankpin location.
[0010] FIGS. 1‑5 depict a grinding machine 10 that
includes at least one acoustic emission sensor 12 that
detects acoustic emissions occurring when a grinding
wheel 14 is moved into contact with a workpiece. In this
embodiment, the grinding machine 10 is an orbital grind-
ing machine designed to grind outer surfaces of crank-
shaft workpieces. More specifically, the orbital grinding
machine can create journal surfaces and crankpin sur-
faces on a crankshaft 16. In this implementation, the
orbital grinding machine 10 can accommodate crank-
shafts small as 1.5 meters (m) and as long as 12 m.
One implementation of such a grinding machine 10 is a
Fives Landis LT3e orbital crankshaft grinding machine.
However, other embodiments using different types of
workpieces or grindingmachines can use acoustic emis-
sion sensors to determine theposition of a grindingwheel
with respect to the workpiece.
[0011] The orbital grinding machine 10 can include a
workpiece holder 18 having a headstock 20 and a foot-
stock 22, a grinding wheel assembly 24 including a
spindle assembly 26 coupled to the grinding wheel 14,
and a machine bed 28. The machine bed 28 can be a
relatively planar structure that rests on a floor and sup-
ports the elements of the grinding machine 10. For ex-
ample, themachine bed28 can support the headstock 20
and footstock 22 on a surface of the machine bed 28 so
that the crankshaft 16 isengagedwithboth theheadstock
20 and footstock 22 and raised above the bed 28. The
machinebed28canbe rectangular such that it is longer in
length along a Z-axis than it is along a X-axis. One or
moregrindingwheel rails 30canextendalong thesurface
of themachine bed 28 along the Z-axis to facilitatemove-
ment of the grindingwheel assembly 24 along the Z-axis,
such that the grinding wheel assembly 24 slides or rolls
along the rails 30 in either direction to position the grind-
ing wheel at a particular axial point along the X-axis. The
grinding wheel assembly can be moved over the rails 30
along the Z-axis using a linear servo motor and optical
scales can be used to identify the position of the grinding
wheel 16 along the X-axis.
[0012] One or more workpiece holder rails 32 can be
spaced apart from the grinding wheel rails 30, positioned
opposite the grinding wheel rails 30 on the machine bed
28, extendingalong theZ-axis. Theheadstock20and the
footstock 22 can slide or roll along the workpiece holder
rails 32 to adjust for crankshafts having different axial
lengths and engage a head of the crankshaft 16 and a tail
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of the crankshaft 16, respectively, with a workpiece
holder 34, such as a chuck or collet, thereby holding
the crankshaft 16 in a particular place. The workpiece
holder 34 of the headstock 20 and the workpiece holder
34 of the footstock 22 can each include an electric motor
that can, collectively in coordination, rotate the crank-
shaft 16 about its longitudinal axis (C) in a 360-degree
range of motion in either angular direction. Rotary en-
coders can be used at the headstock 20 and at the
footstock 22 to determine the angular position of the
crankshaft 16. The headstock 20 and footstock 22 can
each be individually moved along the Z-axis using servo
motors and a rack drive.
[0013] The grinding wheel assembly 24 can include a
base 36 that sits on the grinding wheel rails 30. The
spindle assembly 26 can be supported by the base 36
so that it is moveable along the z-axis over the grinding
wheel rails 30 and includes a grinding wheel 14 coupled
to the spindle assembly 26, one ormore infeed rails 40 in
between the base 36 and the spindle assembly 26, a
linear servo motor, an optical scale, and an acoustic
emission sensor 12. The spindle assembly 26 can in-
cludeaspindledrivemotor46 that turnsaspindle shaft 48
ultimately rotating the grinding wheel 14 coupled to the
spindle shaft 48. The grinding wheel 14 can have a radial
surface 44 that contacts the crankshaft 16 and faces
outwardly from an axis of spindle shaft rotation (a).
The spindle drive motor 46 can be concentric with the
spindle shaft 48, such that a rotor 50 of the spindle drive
motor 46 is coupled with the spindle shaft 48 and a stator
52 is concentricwith the rotor 50. Forward bearing 54and
rearward bearing 56 can be positioned on opposite ends
of the spindle shaft 48 providing support during opera-
tion. The bearings 54, 56 can be implemented as hydro-
static bearings. A rotary encoder 58 can be attached to a
distal end of the spindle shaft 48 for determining the
angular position, velocity, or acceleration of the spindle
shaft 48 and the grinding wheel 14. The infeed rails 40
can extend along the X-axis and be positioned perpen-
dicularly relative to the grinding wheel rails 30.
[0014] The spindle assembly 26 can slide closer to and
further away from the crankshaft 16 along theX-axis over
the infeed rails 40. The linear motor can move the grind-
ing wheel assembly 24 over the infeed rails 40 along the
X-axis using an electric motor turning a linear actuator,
such as a ball screw, and an encoder that identifies the
position of the grinding wheel assembly 24 along the X-
axis. The grinding wheel assembly 24 can also include a
touch probe 60 that extends from the grinding wheel
assembly 24 to contact the crankshaft 16 at particular
locations and determine the distance between the grind-
ing wheel assembly 24 and the crankshaft 16 with a high
degree of precision. The touch probe 60 can determine
the location of a surface of a crankshaft, such as a
crankpin or journal bearings, alone with a precision ran-
ging between 2.0 micrometers (µm) and 10.0 µm de-
pending on such factors as probe repeatability, machine
accuracy, including thermal variations of the grinding

machine 10, and target surface finish of the crankshaft
16. A feeler gauge 70 can be attached to the grinding
wheel assembly 24 and physically touch a crankpin to
measure the dimensions of the crankpin. The feeler
gauge 70 can be directed to extend from the assembly
24 to contact the crankpin surface and, as the crankshaft
is rotated about the C-axis, the gauge 70 can measure
the crankpin.
[0015] Theacoustic emission sensor 12 canbe carried
by the grinding wheel assembly 24 and used to monitor
sound created when the grinding wheel 14 contacts the
crankshaft 16. The grinding wheel assembly 24 can
include the acoustic emission sensor 12 in any one of
a variety of locations. It can be helpful to position the
acoustic emission sensor 12 as close to the grinding
wheel 14 as possible to encourage a sufficient signal-
to-noise ratio. For example, theacoustic emission sensor
12 can be fixed to an outer surface of the grinding wheel
assembly 24 near the grinding wheel 14. The acoustic
emission sensor 12 can be a microphone tuned to a
particular frequency range. In one implementation, the
acoustic emission sensor 12 can be tuned to detect
audible emissions in a frequency range of
100‑300MHz. The acoustic emission sensor 12 can be
a piezo-type acoustic emission microphone.
[0016] A computer processor 62 can provide input to
and receive feedback from a number of components
identified above. For example, the servo motors that
control the movement of the machine bed 28 along the
grinding wheel rails 30, the movement of the grinding
wheel assembly 24 along the infeed rails 40, the opera-
tion of the spindle shaft 48, and/or the electric motors of
the headstock 20 and the footstock 22 can all receive an
input signal from the computer processor 62, such as a
commandedmotor speedanddirection, andalsoprovide
an output signal to the computer processor 62, such as
actual angular position, angular shaft speed, and/or an-
gular direction. The acoustic emission sensor 12 can
provide output to the computer processor 62 in the form
of a signal indicating an absence or presence of sound or
a strength of sound. The computer processor 62 can be
any type of device capable of processing electronic in-
structions including microprocessors, microcontrollers,
host processors, controllers, and application specific in-
tegrated circuits (ASICs). It canbeadedicated processor
used only to carry out the described methods or can be
shared with other functionality carried out by the grinding
machine 10. The computer processor 62 executes var-
ious types of digitally-stored instructions, such as soft-
ware or firmware programs stored in computer-readable
memory. However, it should be appreciated that other
implementations are possible in which at least some of
these elements could be implemented together on a
printed circuit board.
[0017] Turning now to FIG. 6, a method 600 of deter-
mining a grinding wheel position and a position of a
crankshaft surface is shown. The method 600 begins
at step 610 by moving the touch probe 60 into contact
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with a crankshaft surface to determining an initial location
position. The crankshaft surface for this embodiment of
themethod 600will be described in terms of the crankpin
of the crankshaft 16. However, other crankshaft or work-
piece surfaces are possible. The grinding wheel assem-
bly 24 can be moved along the Z-axis so that the radial
surface 44 of the grinding wheel 14 used to process the
crankpin, such as by grinding or mill turning, is aligned
with the crankpin along the Z-axis. The headstock 20 and
footstock 22 can rotate the crankshaft about theC-axis to
ensure that the touchprobe60wouldnot strikeacrankpin
if the probe 60 were moved along the X-axis. The touch
probe 60 can then be moved along the X-axis so that an
end of the probe is within the circle of crankpin rotation
about the C-axis. The headstock 20 and the footstock 22
can then rotate the crankshaft about the C-axis in a first
rotational direction until the crankpin contacts the touch
probe 60. A current angular position of the crankshaft 16
can be determined using the rotary encoders of the
headstock 20 and the footstock 22. The computer pro-
cessor 62 can then record the angular position where the
crankpin touched the probe 60. The headstock 20 and
footstock 22 can then rotate the crankshaft in the oppo-
site rotational direction until the crankpin contacts the
touch probe 60. The computer processor 62 can then
record the angular position of the crankshaft when the
crankpin contacts the touch probe the second time and
determine the position of the crankpin and/or the grinding
wheel assembly 24 based on the difference between the
two contact angles. The data indicating the position of the
crankpin surface based on the physical probe measure-
ment can be recorded in a computer-readable medium,
such as random-access memory (RAM), having read-
write capability. The headstock 20 and footstock 22 can
rotate the crankshaft 16 a defined angular amount away
from the crankpin and the grinding wheel assembly 24
can retract from the crankshaft along the X-axis. The
method 600 proceeds to step 620.
[0018] At step 620, the grinding wheel 14 is moved
toward the crankshaft 16. If not already so positioned, the
grindingwheel assembly 24 canbe positioned so that the
grindingwheel 14 is alignedwith the crankpin along the z-
axis such thatmotion of the assembly 24 along theX-axis
will bring the grinding wheel 14 into contact with the
crankpin. A current angular position of the crankshaft
16 can be determined using the rotary encoders of the
headstock 20 and the footstock 22. The headstock 20
and footstock 22 can rotate the crankshaft to a first
angular position. The first angular position can be any
value, but in this implementation the first angular position
is 0 degrees. The spindle assembly 26 can move toward
the crankpin at a fast rate until the grinding wheel 14
approaches the crankpin. After the spindle assembly 26
is within a predetermined range of the crankpin, the
assembly 26 can move toward the crankpin at a slow
rateuntil thegrindingwheel14contacts thecrankpin.The
method 600 proceeds to step 630.
[0019] At step 630, the acoustic emission sensor 12 is

monitored for sound emitted when the grinding wheel 16
contacts the crankpin.As the spindle assembly26moves
along the infeed rails 40 along the X-axis toward the
crankpin, the computer processor 62 can activate the
acoustic emission sensor 12 so that the sensor 12 de-
tects the absence/presence of sound and/or the intensity
of emitted sound.When the acoustic emission sensor 12
detects sound, an output signal can be sent from the
acoustic emission sensor 12 to the computer processor
62. The computer processor 62 can then record the
position of the grinding wheel assembly 24 in the X-Z
plane when the assembly 24 contacts the crankpin at a
first angular position (in this embodiment, zero degrees)
based on the acoustic emission sensor 12 signal. The
height of the grinding wheel 14 above the X-Z plane can
be known or determined and the polar coordinates of the
rotation axis (a) of the spindle 48when the grindingwheel
14 contacts the crankpin can be determined. The data
can be recorded in the computer-readable medium. In
another implementation, the microprocessor 62 can
monitor the electrical power consumed by the spindle
drive motor 46 to determine when the grinding wheel 16
contacts the crankpin.As the spindle assembly26moves
along the infeed rails 40 along the X-axis toward the
crankpin, the computer processor 62 can monitor the
electrical power consumed by the spindle drive motor
46 to detect a change in the electrical power. The change
in electrical power can indicate when the grinding wheel
assembly 24 contacts the crankpin. The method 600
proceeds to step 640.
[0020] At step 640, the grinding wheel 16 is moved
away from the crankshaft and the crankshaft is rotated a
definedangular amount about theC-axis. The headstock
20 and footstock 22 can rotate the crankshaft 16 a
definedangular amount, suchas90degrees, to a second
angular position. The grinding wheel 14 can then be
moved toward the crankpin as described with respect
to step 620, the computer processor 62 can record the
position of the grinding wheel assembly 24 in the X-Z
plane when the grinding wheel 14 contacts the crankpin
at a second angular position based on the acoustic
emission sensor signal. The measurement of the crank-
pin surface has been rotated into different angular posi-
tions canbe repeated and, in one implementation, canbe
measured at four positions‑0 degrees, 90 degrees, 180
degrees, and 270 degrees. The measurements can be
recorded in the computer-readable memory. In this im-
plementation, the grinding wheel 14 contacts the crank-
pin at four angular positions. However, the quantity of
angular positions at which the crankpin is contacted can
be increased or decreased. For example, the quantity
can be selected based on the condition of the crankpin
surface. Crankpin surfaces that are less round or outside
of specified dimensions by more than a determined
amount can call for an increased quantity of angular
positions at which the grinding wheel 14 is brought into
contact with the crankpinwhereas crankpin surfaces that
are in better condition can involve fewer measurements.
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The method 600 proceeds to step 650.
[0021] At step 650, the computer processor 62 deter-
mines whether a sufficient number of measurements
have been collected and, if so, determines a true position
of the crankpin relative to the grinding wheel 14 based on
the acousticmeasurements. The position of the crankpin
relative to the radial surface 44 of the grinding wheel can
be determined using the acoustic sensor measurements
at a plurality of angular positions. The throw and angle of
the crankpin before grinding can be determined using
oneof a variety of techniques. In one implementation, the
throw and angle can be determined by detecting the
difference in positions where the grinding wheel touches
the crankshaft surface at the two angles where the
crankpin is most positive in the X plane and where the
crankpin is most negative in the X plane (between 0‑180
degrees) and determining an angle from the difference in
positions where the grinding wheel touches the part with
the crankpin up and with the crankpin down (90 and 270
degrees). In another implementation, the location of the
rough crankpin surface can be calculated using a regres-
sion technique, such as a least squares circle fit as
described in British Standards (BS) 3730‑2:1982. In ap-
plying the least squares circle fit, grinding wheel contact
positions can be interpreted using the axis path de-
scribed in EP1235662 assigned to Landis. Measure-
ments of the crankpin relative to the grinding wheel 14
based on an output signal from acoustic emission sensor
12 can compensate for current thermal distortion of the
grinding machine 10 as well as a changing radius of the
grinding wheel 14 due to previously-carried-out grinding.
The method 600 then ends.
[0022] It is to be understood that the foregoing is a
description of one ormore embodiments of the invention.
The invention is not limited to the particular embodi-
ment(s) disclosed herein, but rather is defined solely
by the claims below. Furthermore, the statements con-
tained in the foregoing description relate to particular
embodiments and are not to be construed as limitations
on the scope of the invention or on the definition of terms
used in the claims, except where a term or phrase is
expressly defined above. Various other embodiments
and various changes and modifications to the disclosed
embodiment(s) will become apparent to those skilled in
the art. All such other embodiments, changes, and mod-
ifications are intended to come within the scope of the
appended claims.
[0023] As used in this specification and claims, the
terms "e.g.," "for example," "for instance," "such as,"
and "like," and the verbs "comprising," "having," "includ-
ing," and their other verb forms,whenused in conjunction
with a listing of one or more components or other items,
are each to be construed as openended, meaning that
the listing is not to be considered as excluding other,
additional components or items. Other terms are to be
construed using their broadest reasonable meaning un-
less they are used in a context that requires a different
interpretation.

Claims

1. Agrindingmachine (10) including one ormore grind-
ing wheels (14), comprising:

a workpiece holder (34) that releasably holds a
crankshaft (16) and is configured to rotate the
crankshaft (16) about a longitudinal axis (C);
a spindle assembly (26), that is moveable in at
least two directions, including a spindle shaft
(48) and a grinding wheel (14) attached to the
spindle shaft (48); and characterised in that
the grinding machine (10) comprises
an acoustic emission sensor (12) coupled to the
grinding machine (10), wherein the grinding
machine (10) is configured to monitor an output
signal from the acoustic emission sensor (12),
move the grinding wheel (14) into contact with
the crankshaft (16) at a first angular position,
detect contact between the grinding wheel (14)
and the crankshaft (16) based on the output
signal, determine a position of the grinding
wheel (14) based on the detected contact be-
tween the grinding wheel (14) and the crank-
shaft (16), move the grinding wheel (14) away
from the crankshaft (16), rotate the crankshaft
(16) a defined angular amount, move the grind-
ing wheel (14) into contact with the crankshaft
(16) at a second angular position, determine a
position of the grinding wheel (14) based on the
detected contact between the grinding wheel
(14) and the crankshaft (16), and determine a
position of a crankshaft surface.

2. Thegrindingmachine (10) recited in claim1,wherein
the acoustic emission sensor (12) is a microphone.

3. Thegrindingmachine (10) recited in claim1,wherein
the acoustic emission sensor (12) is coupled to an
exterior surface of the grinding machine (10).

4. The grinding machine (10) recited in claim 1, further
comprising a touch probe (60).

5. The grinding machine (10) recited in claim 1, further
comprising a feeler gauge (70).

6. Thegrindingmachine (10) recited in claim1,wherein
the workpiece holder (34) comprises a headstock
(20) and a footstock (22).

7. A method of determining a grinding wheel position
and a position of a crankshaft surface of a crankshaft
(16), the steps comprise:

(a) determining an angular position of the crank-
shaft (16) held by a workpiece holder (34);
(b) moving a grinding wheel (14) coupled with a
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spindle shaft (48) toward the crankshaft (16);
(c) monitoring an acoustic emission sensor (12)
as the grinding wheel (14) moves toward the
crankshaft (16) before grinding begins;
(d) detecting when the grinding wheel (14) con-
tacts the crankshaft (16) based on output from
the acoustic emission sensor (12);
(e)moving thegrindingwheel (14)away fromthe
crankshaft (16);
(f) rotating the workpiece a defined angular
amount to a second angular position;
(g) moving the grinding wheel (14) toward the
crankshaft (16) at the second angular position;
(h)monitoring theacoustic emission sensor (12)
as the grinding wheel (14) moves toward the
crankshaft (16) at the second angular position
before grinding begins;
(i) detecting when the grinding wheel (14) con-
tacts the crankshaft (16) at the second angular
positionbasedonoutput from theacoustic emis-
sion sensor (12);
(j) determining a position of the grinding wheel
(14) based on steps (d) and (i);
(k) determining a position of the crankshaft sur-
face based on step (j).

8. The method of claim 7, further comprising the steps
of: moving a touch probe (60) into contact with the
workpiecebeforemoving thegrindingwheel (14) into
contact with the workpiece.

9. Themethod of claim 8, wherein the touch probe (60)
contacts the workpiece at a plurality of angular posi-
tions.

10. Agrindingmachine (10) including one ormore grind-
ing wheels (14), comprising:

a workpiece holder (34) that releasably holds a
crankshaft (16) and is configured to rotate the
crankshaft (16) about a longitudinal axis (C);
a spindle assembly (26), that is moveable in at
least two directions, including a spindle shaft
(48) and a grinding wheel (14) attached to the
spindle shaft (48); and characterised in that
the grinding machine (10) comprises
a microprocessor (62) configured to measure
electrical power consumed by a spindle drive
motor (46), wherein the grindingmachine (10) is
configured to move the grinding wheel (14) into
contact with the crankshaft (16) at a first angular
position, detect contact between the grinding
wheel (14) and the crankshaft (16) based on a
change in the electrical power consumed by the
spindle drive motor (46), determine a position of
the grinding wheel (14) based on the detected
contact between the grindingwheel (14) and the
crankshaft (16), move the grinding wheel (14)

away from the crankshaft (16), rotate the crank-
shaft (16) a defined angular amount, move the
grinding wheel (14) into contact with the crank-
shaft (16) at a second angular position, deter-
mine a position of the grinding wheel (14) based
on the detected contact between the grinding
wheel (14) and the crankshaft (16), and
determine a position of a crankshaft surface.

11. Thegrindingmachine (10) recited in claim10, further
comprising a touch probe (60).

12. Thegrindingmachine (10) recited in claim10, further
comprising a feeler gauge (70).

13. The grinding machine (10) recited in claim 10,
wherein the workpiece holder (34) comprises a
headstock (20) and a footstock (22).

14. The grinding machine (10) recited in claim 10,
wherein the microprocessor (62) is configured to
detect an increase in electrical power.

Patentansprüche

1. Schleifmaschine (10), aufweisend eine oder mehre-
re Schleifscheiben (14), umfassend:

einenWerkstückhalter (34), der eine Kurbelwel-
le (16) freigebbar hält und
eingerichtet ist, um die Kurbelwelle (16) umeine
Längsachse (C) zu drehen;
eine Spindelanordnung (26), die in mindestens
zweiRichtungenbeweglich ist, die eineSpindel-
welle (48)undeineSchleifscheibe (14)aufweist,
die an der Spindelwelle (48) angebracht ist;
und
dadurch gekennzeichnet, dass
die Schleifmaschine (10) einen Schallemis-
sionssensor (12) umfasst, der mit der Schleif-
maschine (10) gekoppelt ist, wobei die Schleif-
maschine (10) eingerichtet ist, um ein Aus-
gangssignal von dem Schallemissionssensor
(12) zu überwachen, die Schleifscheibe (14) in
Kontakt mit der Kurbelwelle (16) in einer ersten
Winkelposition zu bewegen, basierend auf dem
Ausgangssignal den Kontakt zwischen der
Schleifscheibe (14) und der Kurbelwelle (16)
zu erfassen, basierend auf dem erfassten Kon-
takt zwischen der Schleifscheibe (14) und der
Kurbelwelle (16) eine Position der Schleifschei-
be (14) zu bestimmen, die Schleifscheibe (14)
von der Kurbelwelle (16) wegzubewegen, die
Kurbelwelle (16) um einen definierten Winkel-
betrag zu drehen, die Schleifscheibe (14) in
Kontaktmit derKurbelwelle (16) in einer zweiten
Winkelposition zu bewegen, eine Position der
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Schleifscheibe (14) basierend auf dem erfass-
ten Kontakt zwischen der Schleifscheibe (14)
undderKurbelwelle (16) zubestimmenundeine
Position einer Kurbelwellenfläche zu bestim-
men.

2. Schleifmaschine (10) nach Anspruch 1, wobei der
Schallemissionssensor (12) ein Mikrofon ist.

3. Schleifmaschine (10) nach Anspruch 1, wobei der
Schallemissionssensor (12) mit einer äußeren Flä-
che der Schleifmaschine (10) gekoppelt ist.

4. Schleifmaschine (10) nach Anspruch 1, ferner um-
fassend eine Tastsonde (60).

5. Schleifmaschine (10) nach Anspruch 1, ferner um-
fassend eine Fühlerlehre (70).

6. Schleifmaschine (10) nach Anspruch 1, wobei der
Werkstückhalter (34) einen Spindelstock (20) und
einen Reitstock (22) umfasst.

7. Verfahren zum Bestimmen einer Schleifscheiben-
position und einer Position einer Kurbelwellenfläche
einer Kurbelwelle (16), wobei die Schritte umfassen:

(a) Bestimmen einer Winkelposition der Kurbel-
welle (16), die von einem Werkstückhalter (34)
gehalten wird;
(b) Bewegen einer Schleifscheibe (14), die mit
einer Spindelwelle (48) gekoppelt ist, in Rich-
tung der Kurbelwelle (16);
(c) Überwachen eines Schallemissionssensors
(12), während sich die Schleifscheibe (14) in
Richtung der Kurbelwelle (16) bewegt, bevor
ein Schleifen beginnt;
(d) Erfassen des Zeitpunkts, wo die Schleif-
scheibe (14) dieKurbelwelle (16) berührt, basie-
rend auf einer Ausgabe von dem Schallemis-
sionssensor (12);
(e) Bewegen der Schleifscheibe (14) von der
Kurbelwelle (16) weg;
(f) Drehen desWerkstücks um einen definierten
Winkelbetrag in eine zweite Winkelposition;
(g)BewegenderSchleifscheibe (14) inRichtung
der Kurbelwelle (16) in der zweiten Winkelposi-
tion;
(h) Überwachen des Schallemissionssensors
(12), während sich die Schleifscheibe (14) in
Richtung der Kurbelwelle (16) in der zweiten
Winkelposition bewegt, bevor ein Schleifen be-
ginnt;
(i) Erfassen des Zeitpunkts, wodie Schleifschei-
be (14) die Kurbelwelle (16) in der zweiten Win-
kelposition berührt, basierend auf einer Ausga-
be von dem Schallemissionssensor (12);
(j) Bestimmen einer Position der Schleifscheibe

(14) basierend auf den Schritten (d) und (i);
(k) Bestimmen einer Position der Kurbelwellen-
fläche basierend auf Schritt (j).

8. Verfahren nach Anspruch 7, ferner umfassend die
Schritte: Bewegen eines Tastsystems (60) in Kon-
takt mit dem Werkstück, bevor die Schleifscheibe
(14) in Kontakt mit dem Werkstück bewegt wird.

9. Verfahren nach Anspruch 8, wobei das Tastsystem
(60) das Werkstück an mehreren Winkelpositionen
berührt.

10. Schleifmaschine (10), aufweisend eine oder mehre-
re Schleifscheiben (14), umfassend:

einenWerkstückhalter (34), der eine Kurbelwel-
le (16) freigebbar hält und
eingerichtet ist, um die Kurbelwelle (16) umeine
Längsachse (C) zu drehen;
eine Spindelanordnung (26), die in mindestens
zwei Richtungen beweglich ist,
die eine Spindelwelle (48) und eine Schleif-
scheibe (14) aufweist, die an der Spindelwelle
(48) angebracht ist;
und
dadurch gekennzeichnet, dass
die Schleifmaschine (10) einen Mikroprozessor
(62) umfasst, der eingerichtet ist, um eine elekt-
rische Leistung zumessen, die von einemSpin-
delantriebsmotor (46) verbraucht wird, wobei
die Schleifmaschine (10) eingerichtet ist, um
die Schleifscheibe (14) in Kontakt mit der Kur-
belwelle (16) in einer ersten Winkelposition zu
bewegen, den Kontakt zwischen der Schleif-
scheibe (14) undderKurbelwelle (16) basierend
auf einer Änderung der elektrischen Leistung,
die von dem Spindelantriebsmotor (46) ver-
braucht wird, zu erfassen, basierend auf dem
erfassten Kontakt zwischen der Schleifscheibe
(14) und der Kurbelwelle (16) eine Position der
Schleifscheibe (14) zu bestimmen, die Schleif-
scheibe (14) von der Kurbelwelle (16) wegzube-
wegen, die Kurbelwelle (16) um einen definier-
ten Winkelbetrag zu drehen, die Schleifscheibe
(14) in Kontakt mit der Kurbelwelle (16) in einer
zweiten Winkelposition zu bewegen, eine Posi-
tion der Schleifscheibe (14) basierend auf dem
erfassten Kontakt zwischen der Schleifscheibe
(14) und der Kurbelwelle (16) zu bestimmenund
eine Position einer Kurbelwellenfläche zu be-
stimmen.

11. Schleifmaschine (10) nach Anspruch 10, ferner um-
fassend eine Tastsonde (60).

12. Schleifmaschine (10) nach Anspruch 10, ferner um-
fassend eine Fühlerlehre (70).
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13. Schleifmaschine (10) nach Anspruch 10, wobei der
Werkstückhalter (34) einen Spindelstock (20) und
einen Reitstock (22) umfasst.

14. Schleifmaschine (10) nach Anspruch 10, wobei der
Mikroprozessor (62) eingerichtet ist, um einen An-
stieg der elektrischen Leistung zu erfassen.

Revendications

1. Rectifieuse (10) comportant une ou plusieurs meu-
les (14), comprenant :

un porte-pièce (34) qui maintient de manière
amovible un vilebrequin (16) et qui est configuré
pour faire tourner le vilebrequin (16) autour d’un
axe longitudinal (C) ;
un ensemble broche (26) qui est mobile dans au
moins deux directions,
comportant un arbre de broche (48) et une
meule (14) fixée à l’arbre de broche (48) ;
et
caractérisée en ce que
la rectifieuse (10) comprend un capteur d’émis-
sion acoustique (12) couplé à la rectifieuse (10),
dans laquelle la rectifieuse (10) est configurée
pour surveiller un signal de sortie du capteur
d’émission acoustique (12), déplacer la meule
(14) pour lamettreencontact avec le vilebrequin
(16) à une première position angulaire, détecter
un contact entre la meule (14) et le vilebrequin
(16) sur la base du signal de sortie, déterminer
une position de la meule (14) sur la base du
contact détecté entre la meule (14) et le vilebre-
quin (16), éloigner la meule (14) du vilebrequin
(16), faire tourner le vilebrequin (16) d’unequan-
tité angulaire définie, déplacer la meule (14)
pour la mettre en contact avec le vilebrequin
(16) à une seconde position angulaire, détermi-
ner une position de la meule (14) sur la base du
contact détecté entre la meule (14) et le vilebre-
quin (16), et déterminer une position d’une sur-
face de vilebrequin.

2. Rectifieuse (10) selon la revendication 1, dans la-
quelle le capteur d’émission acoustique (12) est un
microphone.

3. Rectifieuse (10) selon la revendication 1, dans la-
quelle le capteur d’émission acoustique (12) est
couplé à une surface extérieure de la rectifieuse
(10).

4. Rectifieuse (10) selon la revendication 1, compre-
nant en outre un capteur de contact (60).

5. Rectifieuse (10) selon la revendication 1, compre-

nant en outre une jauge d’épaisseur (70).

6. Rectifieuse (10) selon la revendication 1, dans la-
quelle le porte-pièce (34) comprend une poupée fixe
(20) et une poupée mobile (22).

7. Procédédedéterminationd’uneposition demeule et
d’une position d’une surface de vilebrequin d’un
vilebrequin (16), les étapes comprenant de :

(a) déterminer une position angulaire du vilebre-
quin (16) maintenu par un porte-pièce (34) ;
(b) déplacer une meule (14) couplée à un arbre
de broche (48) vers le vilebrequin (16) ;
(c) surveiller un capteur d’émission acoustique
(12) pendant que la meule (14) se déplace vers
le vilebrequin (16) avant le début de la rectifica-
tion ;
(d) détecter lemoment où lameule (14) entre en
contact avec le vilebrequin (16) sur la base du
signal de sortie du capteur d’émission acous-
tique (12) ;
(e) éloigner la meule (14) du vilebrequin (16) ;
(f) faire tourner la pièce d’une quantité angulaire
définie vers une seconde position angulaire ;
(g) déplacer la meule (14) vers le vilebrequin
(16) à la seconde position angulaire ;
(h) surveiller le capteur d’émission acoustique
(12) pendant que la meule (14) se déplace vers
le vilebrequin (16) à la seconde position angu-
laire avant le début de la rectification ;
(i) détecter le moment où la meule (14) entre en
contact avec le vilebrequin (16) à la seconde
position angulaire sur la base de la sortie du
capteur d’émission acoustique (12) ;
(j) déterminerunepositionde lameule (14) sur la
base des étapes (d) et (i) ;
(k) déterminer une position de la surface du
vilebrequin sur la base de l’étape (j).

8. Procédé selon la revendication 7, comprenant en
outre les étapes consistant à : déplacer une sonde
tactile (60) pour la mettre en contact avec la pièce
avant de déplacer la meule (14) pour la mettre en
contact avec la pièce.

9. Procédé selon la revendication 8, dans lequel la
sonde tactile (60) entre en contact avec la pièce à
une pluralité de positions angulaires.

10. Rectifieuse (10) comportant une ou plusieurs meu-
les (14), comprenant :

un porte-pièce (34) qui maintient de manière
amovible un vilebrequin (16) et est configuré
pour faire tourner le vilebrequin (16) autour
d’un axe longitudinal (C) ;
un ensemble broche (26) qui est mobile dans au
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moins deux directions, comportant un arbre de
broche (48) et une meule (14) fixée à l’arbre de
broche (48) ;
et
caractérisée en ce que
la rectifieuse (10) comprend un microproces-
seur (62) configuré pour mesurer la puissance
électrique consommée par un moteur d’entraî-
nement de broche (46), dans laquelle la recti-
fieuse (10) est configurée pour déplacer la
meule (14) pour la mettre en contact avec le
vilebrequin (16) à une première position angu-
laire, détecter uncontact entre lameule (14) et le
vilebrequin (16) sur la base d’une modification
de la puissance électrique consommée par le
moteur d’entraînement de broche (46), détermi-
ner une position de la meule (14) sur la base du
contact détecté entre la meule (14) et le vilebre-
quin (16), éloigner la meule (14) du vilebrequin
(16), faire tourner le vilebrequin (16) d’unequan-
tité angulaire définie, déplacer la meule (14)
pour la mettre en contact avec le vilebrequin
(16) à une seconde position angulaire, détermi-
ner une position de la meule (14) sur la base du
contact détecté entre la meule (14) et le vilebre-
quin (16), et déterminer une position d’une sur-
face de vilebrequin.

11. Rectifieuse (10) selon la revendication 10, compre-
nant en outre un capteur de contact (60).

12. Rectifieuse (10) selon la revendication 10, compre-
nant en outre une jauge d’épaisseur (70).

13. Rectifieuse (10) selon la revendication 10, dans
laquelle le porte-pièce (34) comprend une poupée
fixe (20) et une poupée mobile (22).

14. Rectifieuse (10) selon la revendication 10, dans
laquelle le microprocesseur (62) est configuré pour
détecter une augmentation de la puissance élec-
trique.
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